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Abstract
Ice-storage air-conditioning is a technique that uses ice for thermal energy storage. Replacing existing air
conditioning systems with ice storage has the advantage of shifting the load from on-peak times to off-peak times that
often have excess generation. However, increasing the use of ice-storage faces significant challenges in China. One
major barrier is the inefficiency in the current electricity tariff structure. There is a lack of effective incentive
mechanism that induces ice-storage systems from achieving optimal load-shifting results. This study presents an
analysis that compares the potential impacts of ice-storage systems on load-shifting under a new credit-based
incentive scheme and the existing incentive arrangement in Jiangsu, China. The study indicates that by changing how
ice-storage systems are incentivized in Jiangsu, load-shifting results can be improved.
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1. Introduction
In recent years, China has increased its installed power generation capacity at an extraordinary pace. In
2013, China added 94 gigawatts of new capacity. By the end of 2013, the nation’s total generation
capacity reached 1,247 gigawatts, an increase of 9.2 percent from 2012, making China the largest power
producer in the world. Due to the rapid growth in electricity demand combined with increased occurrence
of hot weather and drought, China’s electricity supply is strained with electricity shortages prominent in
certain regions, time periods, and seasons. According to the China Electricity Council, the nation’s power
shortage was about 70 gigawatts in 2013, equivalent to 74% of the new generation capacity added in
China in the same year. Moreover, the average utilization rate of the nation’s power generation equipment
has decreased in recent years, declining from 5011 hours in 2007 to 4511 hours in 2013. It is often the
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case that generation units in China operate below full capacity or are shut off during off-peak periods [1].
This wastes investment, leads to inefficient fuel use, increases the marginal cost of generating power, and
also affects the life of the generation units.
For all load types, air-conditioning is the biggest contributor to peak load growth in China. Air
conditioning systems consume about 50% of the total energy of buildings and they are usually operating
during peak times. Cities in China have to significantly increase investments to meet the growing peak
demand resulting from the increased cooling load. However, demand for electricity in cities goes down
dramatically during the off-peak time. The resulting serious imbalance of loads during the peak and off-
peak periods creates large peaks and valleys in electricity demand, resulting in a highly inefficient power
grid. Using ice-storage air conditioning systems can be an effective load management strategy that helps
smooth out energy demand through peak shaving and valley filling. Ice storage air-conditioning
technology uses refrigeration equipment to create a reservoir of cold liquid or solid materials during the
night time when demand for electricity is low and taps the reservoir to provide cooling capacity during the
day [2].
China has developed a series of policies and programs to encourage the wide use of ice-storage. The
Energy-Saving and Pollution Reduction Comprehensive Action Plan issued by the State Council in 2011
has made ice-storage one of the key measures for energy savings and emissions reduction. In China’s
Demand-Side Management (DSM) City Pilot Program, ice-storage qualifies for receiving government
DSM incentives. Provinces across China have also taken actions to support the application of this
technology. In Hebei Province, for example, the off-peak price for electricity used for ice or heat storage
equipment is reduced by 50%. However, current government incentives for ice-storage in China either
focus on incentivizing the installation of relevant equipment or are based on time-of-use tariffs that are not
yet flexible enough for energy storage technologies such as ice-storage air-conditioning systems to
perform an optimal load shifting. This paper assesses an alternative incentive scheme based on credit to
replace the existing tariff-based incentive arrangement and compares how different incentive schemes
might affect the performance of ice-storage systems in load-shifting.
2. Methods
This paper uses load and tariff data in Jiangsu, China. Time-of-use tariff in Jiangsu is presented in
the table below and the province’s demand load data of July 2009 are used for this analysis.
Table 1 Time-of-Use Rates in Jiangsu
(For industrial and commercial customers with systems of 10KV or less)
Time Period Rate (Yuan/kWh)
On-peak: 8:00-12:00 and 17:00-21:00 1.112
Partial peak: 12:00-17:00 and 21:00-24:00 0.667
Discounted rate for electric boiler and ice-storage 0.5183
Off-peak: 0:00-8:00 0.322
Discounted rate for electric boiler and ice-storage 0.2528
A new study [3] shows that the efficiency of a typical ice storage air-conditioning unit is about
81.6% of the efficiency level of a large central air-conditioning system. Therefore, we use 81.6% to
represent the efficiency of replacing a central air-conditioning system with an ice-storage air conditioning
unit in our analysis of the impacts of ice-storage applications on load shifting under different incentive
schemes. We assess an alternative incentive arrangement through which a lower tariff is replaced with a
credit and the amount of credit is determined by the customer’s level of actual effort in either shaving the
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peak or filling the valley. We assess whether replacing existing tariff-based incentive schemes that focus
on offering additional off-peak discounts with a credit-based incentive arrangement will maximize the
load shifting potential of energy storage technologies such as the ice-storage system.
The credit is calculated as follows:
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Where, L(t) represents the load demand in hour t; ilp(t)represents the load reduction by customer i in hour t
due to the avoided use of central air-conditioning system; L(t) represents the 24-hour averaged demand
load; ils (t) represents load increase by customer i for ice storage in hour t. Equation (1) calculates the total
number of credits which is the combined number of credits earned through shaving the peak and through
filling the valley. For a fair comparison, we assume that a customer will receive the same amount of
discount from both incentive schemes. The discount for a credit-based arrangement is calculated using the
following formula:
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Where, icreditS represents the discount offered to customer i under the credit scheme while
i
eleS represents the
discount that customer i can obtain via the discounted off-peak rate.
3. Results
This paper uses a GAMS-based optimization model in conducting the analysis, which creates an
objective function of minimizing the customer’s electricity costs as the optimization target. To assess the
load-shifting impacts of different incentive arrangements, this paper analyzes two scenarios, which are
compared with the baseline situation where neither additional off-peak discount nor credit is offered:
Case 1: load changes in a tariff-based scheme
Case 2: load changes in a credit-based scheme
Fig. 1. Load Shifting Results of Two Scenarios
Figure 1 shows the results of our analysis. For Case 1, offering a further discount during the off-
peak time (0:00-8:00) helps boost the off-peak load while lowering the peak-time load (8:00-12:00).
Clearly, this type of incentives is helpful in flattening the load curve but the impact is limited compared
with that of the credit-based arrangement. Another disadvantage of tariff-based incentive is evident in
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Figure 1 where the most valley-filling does not occur at the most-needed period (i.e., 4:00-5:00). This
happens because the simulation can create multiple cost minimization results given that the electricity rate
between 0:00-8:00 in Jiangsu is constant and thus the cost of ice-storage will be the same during this
period regardless of when the customer starts making ice. With this incentive scheme, the optimal load
change is not obtained. Compared with the tariff-based scheme, adopting a credit-based incentive
arrangement (i.e., Case 2) has obvious advantages. As shown in Figure 1, this new scheme not only
achieves targeted load changes (i.e., load shaving or valley filling) at the optimal time periods but also is
more effective in flattening the load curve. It is worth to point out that there is no response at all from ice-
storage air conditioning systems during the peak-time (13:00-17:00) under both tariff-based and credit-
based incentive schemes. This is an inevitable result from the time-of-use tariff design in which
customers are subject to the partial peak price during the period of 13:00-17:00. Customers will only
maximize their gains in a period that either has the highest rate (i.e., on-peak price) or lowest rate (off-
peak price).
4 Discussion and conclusions
Our analysis for Jiangsu indicates that adopting different incentive schemes for promotion of ice-
storage can make distinct impacts on load shifting. Compared with the existing scheme that focuses on
providing a deeper discount during the off-peak period, a credit-based incentive arrangement is more
effective in maximizing the potential of energy storage technologies such as ice-storage air conditioning
systems in improving grid operation efficiency. Adopting this new incentive scheme will have greater
implications in China right now since the country still lacks a flexible electricity pricing structure that is
adaptive to demand changes. This type of scheme can be promoted as a supplement to the time-of-use
tariffs in regions that have a high peak load or a big spread between peak and off-peak loads.
To compliment this initial assessment of alternative incentive scheme for maximizing the load-shifting
potential of ice-storage air-conditioning application, further research is needed to take additional factors
into consideration. For example, in order to focus on explaining the alternative scheme, we simplified our
analysis by assuming that cooling released from an ice-storage air conditioning system is constant over
time. In reality, however, the system’s cooling supply declines over time during the day. This and other
technical characteristics related to ice-storage systems need to be included in future analyses. In addition,
weather-related factors can also affect the performance of air-conditioning systems and thus should be
considered. Assessing the effectiveness of time-of-use tariff designs should also be a focus area for further
work.
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